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Introduction 37
The harm that veterinary medicines can cause to the environment, not only directly via 38 spillage, runoff and poor disposal practice, but also indirectly via excreta and residues in 39 animal tissue has only recently been acknowledged (Arnold et al., 2014, Margalida et al., 40 2014, Kuster and Adler, 2014) . Of these pathways, residues of veterinary medicines in animal 41 tissues have usually been considered only of importance to human health. However, 42 veterinary medicine residues in animal tissues can be toxic to any species consuming them, 43 particularly if that species is highly intolerant to the medicine concerned or is exposed to said 44 medicine at high concentrations or for prolong periods. 45
One veterinary medicine that is known to harm wildlife is the non-steroidal anti-46 inflammatory drug (NSAID) diclofenac. Recognised as an environmental toxicant, diclofenac 47 entering waterways can cause toxicity in fish (Schwaiger et al., 2004) . However, the greatest 48 impact diclofenac has had on wildlife is as the primary cause of population declines in 49 several species of Gyps vulture resident to South Asia (Oaks et al. 2004 , Green et al., 2004 2007; Prakash et al., 2007) . Gyps vultures are highly intolerant to diclofenac, showing acute 51 renal failure and death at doses at or below 0.8 mg/kg body weight (Oaks et al., 2004 , Swan 52 et al., 2006 . Vultures are exposed to diclofenac residues in tissues of livestock that have been 53 treated shortly before death and then left for vultures to consume. The use of diclofenac in 54 palliative care of cattle among Hindu communities and the fact that cattle constitute the 55 primary source of food for vultures in South Asia, resulted in population declines in vultures 56 of up to 99.9% (Prakash et al., 2007) . 57
Experiments have shown that a second NSAID, ketoprofen, is also toxic to vultures 58 (Naidoo et al., 2010a , Naidoo et al., 2010b , whereas a third NSAID, meloxicam, is not 59 (Swan et al., 2006 , Swarup et al., 2007 . All three NSAIDs belong to different chemical 60 4 classes and the reason that two of these three are toxic to vultures remains unknown. 61
However, vulture intolerance may be linked to zero-order elimination (Naidoo et al., 2010b) . 62
More importantly, with toxicity resulting from oral exposure, it is suspected that metabolic 63 capacity at the level of the pre-systemic metabolic system drives exposure and subsequent 64 toxicity. As a result, much concern has been raised over the large number of untested NSAID 65 compounds available for veterinary use in South Asia and other regions where Gyps vultures 66 range (i.e., Africa and Europe). One of these untested NSAIDs is carprofen, which is widely 67 used in veterinary medicine and is recommended for use in many taxa, including raptors 68 (Richman and Hayward, 2011) . 69
A recent study exposed two Cape griffon (Gyps coprotheres) to carprofen by the oral 70 route at the recommended veterinary dose of 10 mg/kg body weight (Fourie et al., 2015) . 71
While no overt toxicity was detected, the two vultures had substantially different 72 pharmacokinetic profiles, suggesting that zero-order metabolism and the potential for toxicity 73 in susceptible Gyps vulture individuals is possible. Further, concentrations of carprofen in 74 animal tissues consumed by vultures may be greater than the concentration of carprofen in 75 the therapeutic dose tested. 76
For this study, we further explore the toxicity of carprofen to Gyps vultures. We 77 report studies of the pharmacokinetics and maximum residue levels of carprofen in Bos 78 taurus cattle; calculate the maximum residue exposure (MRE) for carprofen to wild Gyps 79 vultures; and harvest carprofen-rich cattle tissues to provision Gyps vultures under controlled 80 experimental conditions. Unfortunately, with clear evidence of toxicity in vultures currently 81 being limited to Gyps (although other old world species may also be vulnerable), the only 82 method available for elucidating the toxic potential of various NSAIDs is to undertake in vivo 83 toxicity studies with a Gyps species. However, studies are enhanced when combined with the 84 7 96.00 and 120.00 h after treatment. Within 2h of collection, all blood samples were 133 centrifuged at ~3,000 g for 15 min and the supernatant (plasma) was transferred to a glass 134 screw-top vial and immediately frozen at -80 °C. 135
136
Pharmacokinetic study in Gyps vulture 137
Vultures (n = 6) were assigned to three groups of two birds each, with each pair being 138 subsequently treated with carprofen (Norocarp) at 5 mg/kg bw by the intramuscular injection; 139 intravenous injection or by oral gavage. Blood samples (5 ml) were collected from the 140 tibiotarsal vein into sterile syringes before treatment and at 1.00, 2.00, 4.00, 6.00, 8.00, 12.00, 141 24.00, 36.00 and 48.00 h after treatment. Immediately after collection, half of each sample 142 was transferred into evacuated heparinised tubes for carprofen analysis, and, the second half 143 was transferred into non-treated evacuated tubes for biochemistry analysis. Samples were 144 processed as for the cattle pharmacokinetic study and stored at -30°C. 145
146

Tissue residue study in cattle 147
On the first day of this study, each of the four study animal was weighed (mean ± SD = 148 207.25 ± 31.89 kg) and treated with carprofen (Norocarp) at 2.8 mg/kg bw in a single dose. 149
The reason for doubling the dose was to simulate the behaviour of veterinarians and livestock 150 owners in South Asia. Measured NSAID residues in tissues of dead cattle indicate that they 151 have often received much more of the drug than the recommended dose of NSAIDs in 152 palliative care of cattle (see Taggart et al. 2007) . At 12 h after treatment, which corresponded 153 to the mode Tmax (as informed by the pharmacokinetic study undertaken previously), the 154 cattle were slaughtered by captive bolt and pithing. The liver, kidneys, muscle from the hind 155 leg, omental fat and muscle from the injection site in the neck (i.e., a 5 cm area surrounding 156 the injection site, to a depth of 5 cm) were harvested. Three replicate sub-samples were taken 157 of each tissue (except for the injection site) and stored at -30 o C prior to analysis. Remaining 158 bulk tissue was also stored at -30 o C for the final phase of the study which involved feeding 159 vultures with harvested tissues. 160
161
Toxicity study in Gyps vultures 162
Toxicity was determined with a four-phase cross-over study. Each phase was separated by 163 two weeks when vultures were returned to their communal aviaries. Vultures were randomly 164 assigned to one of two balanced groups: Group A (n = 4); and Group B (n = 4). In Phase 1, 165 Group A were given approximately 1 kg of kidney tissue rich in carprofen residues from the 166 cattle slaughtered in the residue study (a single vulture received kidney tissue from a single 167 cow). Group B were given approximately 1 kg of cattle kidney tissue which was purchased 168 from a commercial butchery. According to South African legislation, butchered meat should 169 comply with Codex Alimentarius standards for food safety and, therefore, unlikely to be 170 contaminated with NSAIDs. 171
In Phase 2, Group B were given muscle tissue rich in carprofen residues (harvested 172 from previously dosed cattle); and Group A were given pig muscle tissue acquired from a 173 commercial piggery that confirmed that no NSAIDs were used in the pigs prior to death. For 174 both Phases 1 and 2, the carprofen-rich tissues were frozen at -30 o C after harvesting and then 175 thawed in a water bath at room temperature the night before use. Carprofen-free tissues were 176 purchased fresh and held refrigerated at 4 o C overnight before use. 177
In Phase 3, Group A were given carprofen orally at a level based on the theoretical 178 maximum residue exposure (MRE) calculated from the cattle kidney concentrations (see 179 below); and Group B were given water. 180
In Phase 4, two vultures randomly selected from Group B were given carprofen orally 181 at the average concentration found within the injection site tissues; and two vultures 182 randomly selected from Group A were given carprofen orally at the MRE calculated from the 183 cattle kidney concentrations. The use of two vultures for toxicity prediction, was as 184 previously validated by Swan et al (2006b) . 185
Blood was sampled from all vultures in Phase 3 and Phase 4 before and at 2.00, 8.00, 186
24.00 and 48.00 h after treatment for toxicokinetic and clinical pathology analyses as 187 tissue at three different concentration levels and extracted as above was 79.4% and 70.6% 207 respectively (n = 9 in both cases) and the limit of quantification for the analysis was 4 ng/ml 208 and 10 ng/g for plasma and tissue respectively. Final concentrations were calculated 209 following correction for these extract recovery levels. To calculate the maximum residue exposure (MRE) we followed the method outlined by the 235 European Medicines Agency (EMA) for establishing withdrawal periods (The European 236
Agency for the Evaluations of Medicinal Products, 1995). Residue depletion in tissues 237
follows a one compartmental model and thereby can be described by one exponential term. 238
The first order kinetic equation for residue concentration at time t is C0*e -λt , where C0 is the 239 hypothetical concentration at time 0 and λ is the elimination rate constant estimated from an 240 ordinary least squares regression as described above. We took the MRE to be the carprofen 241 concentration below which concentrations of 95% of a population of cow tissues of a 242 particular type would be expected to lie, with 95% confidence. We based this calculation 243 upon the average Ct. Therefore, MRE values in mg/kg were calculated as Mi+SDi*5.144, 244
where Mi and SDi were the mean concentration and its standard deviation in tissue type i. 245
The multiplier 5.144 is the value for a sample size of four cattle and was taken from the table  246 of factors of Hahn and Meeker (2011) . Oral exposure in mg for vultures in Phase 3 and Phase 247 4 of the toxicity study were calculated as (MREkidney*1.00)/4.50, where MREkidney was the 248 maximum residue exposure for kidney tissue, 1.00 was a rough estimate of the amount of 249 edible tissue in kilograms that a vulture would consume in a large meal (see Swan et al. 2006 ) 250 and 4.5 was a rough estimate of the mean body weight in kilograms of a white-rumped 251 vulture G. bengalensis (the smallest Gyps species). Since, the species of Gyps vulture used in 252 this study were larger than 4.5 kg, they received a greater exposure to carprofen than that 253 calculated using MREkidney (see Results). We used the MRE calculated for kidney tissue as 254 this gave the greatest MRE value apart from that given by the muscle at the injection site (see 255 Table 1 ). We did not use the MRE calculated for the muscle at the injection site as this gave a 256 value that was extremely high and one that would most certainly kill vultures (see Table 1 ); 257 therefore, we opted to test the average concentration in the muscle at the injection site. 
Pharmacokinetics of carprofen in Gyps vultures 280
For this study vulture in pairs were treated with carprofen at 5mg/kg by the oral, 281 intramuscular or intravenous route. The pharmacokinetic parameters obtained are presented 282
in Table 1 . Carprofen was well tolerated in all exposed vultures. The intravenous and 283 intramuscular profiles were very similar, as a result of very rapid absorption from muscle 284 tissue. The oral profile differed from these profiles in respect to absorption, with half as much 285 carprofen being absorbed, but not in respect to elimination which was of a similar rate despite 286 lower absorption. Although the profiles were not from the same birds, the population absolute 287 bioavailability was roughly estimated at 100% for the intramuscular route and 42% for the 288 oral route. 289 290 Tissue residue study of carprofen (2.8 mg/kg bw ) in cattle 291
The concentrations of carprofen present in the liver, fat (omental), kidney, muscle 292 (quadriceps), and muscle at injection site were 5.75±1.49, 3.74±2.50, 7.72±2.38, 6.03±1.59 293 and 289.05±286.05 mg/kg respectively (Supplementary Table 2 , for individual animal data 294 and variation of concentrations between animals). Mean carprofen concentration at the 295 injection site was 37 times greater than the next highest mean concentration found in the 296 kidneys and 48 times greater than the mean concentration found in the hind leg muscle. As a 297 result of the extremely high concentration at the injection site, we used both the MRE 298 calculated for kidney and the mean injection site concentration in the toxicity study. 299 300 14
Toxicity study of carprofen in Gyps vultures 301
In general, the four vultures per group were reluctant to eat kidney or muscle tissue provided 302 in Phase 1 and Phase 2, respectively. As this was the case for both carprofen-rich and 303 carprofen-free tissues, this was likely to be because individual housing of vultures prevented 304 competitive feeding cues and caused a certain level of stress. The result was rather low dose 305 levels across the two phases (0.12 to 0.90 mg/kg bw; Supplementary Table 3 ). The highest 306 exposures for Phase 1 (kidney tissue) and Phase 2 (muscle tissue) were 0.87 and 0.90 mg/kg 307 bw, respectively. No observable or clinical signs of toxicity were evident in any of the treated 308
animals. 309
Four vultures in Phase 3 and two vultures in Phase 4 were given an oral dose of 310 carprofen at 4.4 mg/kg bw, which equated to a range of exposures between 23.10 and 37.62 311 mg ( Supplementary table 4 ). No observable or clinical signs of toxicity were evident in any 312 of these treated animals from phase 3 at 4.4. mg/kg. Carprofen was characterized by a mean 313 Thalf of 10.29 ± 5.03 h ( Table 2 ). All the pharmacokinetic parameters showed substantial 314 variability (CV > 30%; Table 4 ). AUClast was more variable than Cmax and Tmax, which 315 Table 4 ). The vulture exposed to the greater amount of carprofen (387.20 mg) showed severe 323 signs of depression (i.e., head drooping, reluctance to move, poor response to external 324 stimuli) approximate 48 h post-exposure. This vulture succumbed to toxicity at 52 h post-325 exposure. The vulture exposed to the lesser amount of carprofen showed no observable signs 326 of toxicity. On clinical pathology, this vulture showed a moderate increase in ALP compared 327 to the range for non-treatment vultures; whereas, the vulture that died showed a large increase 328 in uric acid concentrations compared to the range for non-treatment vultures (Figure 1 )(The 329
calculated healthy values are applicable to the study population are presented in 330
Supplementary Table 5 ). The uric acid concentrations in the vulture that died represented a 331 27-fold increase over the pre-treatment concentrations; and more than a 7-fold increase over 332 the non-treatment maximum concentration (Figure 1) . Similarly, ALT concentration in the 333 vulture that died was above the range for non-treatment vultures from 24 h onwards and 334 showed a marked increase at 48 h. In terms of pre-treatment concentration, the change in 335
ALT represented a 2.5-and 15-fold increase at 24 and 48 hours. Finally, potassium (but not 336 sodium) concentration in the vulture that died showed a moderate increase at 48 h post-337 exposure (Figure 1 ). 338 with an amorphous pink material in which pyknotic cell debris was entrapped ( Figure 2) . 343
Radiating aggregates of purple crystalline spicules were also present in many of these 344 tubules. Less affected tubules showed increased eosinophilia of the cytoplasm of the lining 345 cells, varying degrees of shrinking and basophilia of the nuclei and even desquamation of the 346 cells themselves from the basement membrane. Many of these tubules also contained varying 347 amounts of crystalline urates. A small number of heterophils were present at the periphery of 348 some of the damaged tubules. Globular urates were also present in the lumens of some of the 349 tubules. The liver and spleen had large multifocal areas of necrosis associated with uric acid 350 crystal formation, and also associated with a small number of inflammatory cells, mainly 351 heterophils; while the lungs had very small foci scattered within the parenchyma involving 352 only a few cells. 353
Comparing the toxicokinetic parameters of the two vultures dosed at 64.0 mg/kg, Cmax 354 was 17% greater in the individual that survived than the individual that died; but AUClast and 355
Thalf were 89 and 332% greater, respectively, in the individual that died than the individual 356 that survived (Table 3 ). The bird that died was the adult. The extremely long Thalf in the 357 vulture that died was important, as was the prolonged period during which carprofen 358 concentrations in its plasma remained around 30 μg/mL (i.e., for more than 20 h) before 359 declining at a very slow rate (Figure 3 ). This profile indicates zero-order metabolism. Again, 360
as for the pharmacokinetic studies all evaluated parameters showed substantial variability 361 (CV > 30%) with AUClast being more variable than Cmax and Tmax (Table 3) . 362
While not planned, an interesting additional result was observed for vultures G31917 363 and G30796. G31917 was treated orally at 4.4 mg/kg bw in the toxicity study and 364 intramuscularly at 5 mg/kg bw in the pharmacokinetics study, with a resultant AUClast of 365 170.82 and 579.63 μg/mL*h, respectively. G30796 was treated orally at 64.0 mg/kg bw 366 orally (and survived) and intramuscularly at 5 mg/kg, with a resultant AUClast of 650.16 and 367 690.79 μg/mL*h, respectively. These findings yielded relative bioavailabilities of 368 approximately 28% and 8% for G31917 and G30796, respectively, for dose normalised 369 parameters; and indicated a substantial first pass effect present in both vultures (Figure 4) . Carprofen is a non-steroidal anti-inflammatory drug from the carboxylic acid group (Riviere 373 and Papich, 2013). Like other NSAIDs, carprofen is believed to function via the inhibition of 374 cyclooxygenase (COX) enzyme systems. The drug is widely used globally as a veterinary 375 medicine for the modulation of pain and inflammation in pets, horses and production animals. 376
In South Africa, carprofen is mainly used under intensive farming conditions as adjunct 377 therapy for the control of acute inflammation associated with respiratory disease (Carrington 378 et al., 2013) . Carprofen is also recommended as a drug of choice for the management of pain 379 and inflammation in raptors and other birds, as an off-label indication (Carpenter, 2005) . 380
For this study, we set out to ascertain the safety of carprofen in a susceptible vulture 381 species using the same parameters from previous vulture toxicity studies. The study model 382 used, assumes a worst case scenario of the double dosing of cattle recently prior to its death, 383 and a vulture being exposed to the highest concentration in a particular tissue in a said meat 384 as a kilogram meal. For this study we were able to demonstrate that carprofen is generally 385 harmless to Gyps vultures at concentrations present in most contaminated animal tissues. 386
However, this was not the case when considering the high concentrations present at injection 387 sites. If a vulture were to consume muscle tissue from the injection site from a cow treated 388 with carprofen just prior to its death, then it could ingest a very high concentration of the drug 389 and could die as a result. The reason for the high concentration of carprofen at the injection 390 site appears to be slow absorption of the drug. Yet, only two of the four cattle dosed with 391 carprofen showed very high concentrations at the injection site. Further, only one of the two 392 Gyps vultures exposed to concentrations based on injection site results died. The reason for 393 this is probably individual variation in tolerance and zero-order elimination, as is the case for 394 Gyps vultures exposed to diclofenac and ketoprofen (see below) ( Two cattle in the tissue residue study had concentrations of carprofen at the injection site of 404 >511.00 mg/kg, but the other two cattle had concentrations of carprofen at the injection site 405 of <55.00 mg/kg (almost a ten-fold difference). High inter-animal variability was seen in all 406 tissue types (CV > 25%), but was greatest at the injection site (99%). This phenomenon was 407 unlikely solely due to sampling error, since carprofen concentrations in replicate samples 408 from each individual cow were similar (average intra-animal %CV was 48% and higher than 409 for all other tissues). Given that the proportion of edible tissue on a typical carcass that may 410 contain lethal levels would be expected to be very small (i.e., solely that which immediately 411 surrounds the injection site), the risk associated with the use of carprofen in cattle would be 412 smaller than that for diclofenac and ketoprofen. 413
Nonetheless the potential does exist that at a single feeding, a single Gyps vulture 414 could consume the entire carprofen-rich injection site tissue and succumb from toxicity. 415
While the method we've selected is highly conservative in estimating exposure and safety 416 based on an unlikely exposure to 1kg of carprofen rich tissue, the relative exposure can be 417 further evaluated in terms of the MRE. According to the prescribed EMA method, the safety 418 of the drug at the injection site is further considered in terms of potential exposure to 300g of 419 tissue rich in said residue. If the latter method is taken consideration, in conjunction with the 420 high concentration of 559 mg/kg found in the one cow, a bird would have been exposed to 421 dose of 167 mg/kg. If the said bird was at the lower end of the weight range for the white-422 backed vultures, a bird of 3.5 kg would be exposed to 47.7 mg/kg, which is not substantially 423 lower than the test dose of 64 mg/kg, which shows the model used while being conservation 424 is not inaccurate. in South Africa and other countries where other species of threatened vultures are found. We 440 would strongly recommend that carprofen be restricted for use in the intensive farming 441 sector, where incidence of respiratory (and other) disease are more likely to occur and 442 carcasses are disposed of by means other than provision to vultures at feeding sites (i.e., 443 incineration and burial). Furthermore, while it would be tempting to remove injection site 444 20 tissue from cattle carcasses before provision at feeding stations, this relies on knowing 445 exactly how many doses of the drug the animal had been given prior to death and exactly 446 where on the animal these doses had been administered. Lastly, the use of carprofen in cattle 447 kept under extensive farming conditions should be precautionary stopped. Further 448 consideration can perhaps also be given to the development of oral formulations of carprofen 449 for use in cattle in these areas. 450 451
Insights into NSAID toxicity in Gyps vultures 452
The vulture that died in this study was exposed to 387.20 mg of carprofen, while another 453 vulture that survived was exposed to 345.60 mg of carprofen. Substantial differences in 454 individual intolerance of NSAIDs were also seen for both diclofenac (Oaks et al. 2004 ) and 455 ketoprofen (Naidoo et al. 2010) . Carprofen toxicity in Gyps vultures also resembles that of 456 diclofenac and ketoprofen in respect to toxicokinetics, specifically: zero-order elimination; 457 and the subsequent extended elimination profile. The vulture that died from a high dose of 458 carprofen clearly showed zero-order eliminationthat is, a constant amount of drug 459 eliminated per unit time (see linear elimination in Figure 5) ; whereas, the vulture that 460 survived from a high dose of carprofen clearly shows first-order eliminationthat is, a 461 constant proportion of drug eliminated per unit time (see exponential elimination in Figure 5 ). 462
Zero-order elimination suggests limited enzyme capacity for processing a given drug, which 463 results in the accumulation of that drug in the body and thereby toxicity. The effect of zero-464 order elimination was also associated with elimination and not absorption, as the vulture that 465 died from a high dose of carprofen showed greater values for AUC, Thalf and MRT than the 466 vulture that survived from a high dose of carprofen; but Cmax and Tmax was similar between 467 the two vultures. Further, AUC, Thalf and MRT for the vulture that survived were within the 468 range of values for those parameters among the vultures given a small dose of carprofen (i.e., 469 4.4 mg/kg). While still speculative, we believe that the point of capacity limitation lies with 470 the hepatic cytochrome P450 (CYP) enzymes concentrations and or ratios. Also with the bird 471 dying being an adult, this would indicate that the constraints present in metabolism is not due 472 age-specific limitations in metabolism, but rather individual limitations in metabolic capacity. of substantial damage to other tissues. Death probably resulted from the increase in plasma 480 potassium concentration and cardiac toxicity, which has been shown to be compensatory to 481 an increase in plasma uric acid concentration (Lumeij, 1994) . This progression of disease is 482 very similar to that seen in vultures exposed to diclofenac (Oaks et al., 2004) and ketoprofen 483 (Naidoo et al., 2010b ), suggesting that all three drugs have the same mechanism of toxicity. 484
While the mechanism of toxicity still remains elusive, cascading kidney toxicity is either 485 secondary to hypoperfusion (Meteyer et al., 2005) or results from alteration in the renal 486 ability to excrete uric acid (Naidoo and Swan, 2009) . 487 488
Innovations for NSAID safety testing in Gyps vultures 489
The method followed here builds on the methods used in previous NSAID toxicity tests in 490 Note that published pharmacokinetics studies in cattle on the given drug should be 504 used with caution as these may use animals or methods of administration not entirely 505 appropriate for a toxicity test in Gyps vultures. This was the case for carprofen where two 506 studies had previously examined carprofen pharmacokinetics in calves (3-4 months of age) 507 using intravenous injection and showed considerably different parameters to those we found 508 here (Delatour et al., 1996 , Brentnall et al., 2013 . It may be that there are important age 509 related differences in carprofen pharmacokinetics in cattle. This is important because cattle 510 carcasses contaminated with NSAIDs and left for vultures in South Asia (and probably South 511 Africa) are far less likely to be those of calves (Taggart et al., 2007) . 512 MRE, developed by the EMA, was used as the worst case scenario exposure for 513
vultures. The philosophy of the method is based on chemical safety principles that protect 514 people from potentially dangerous residues in their food. The use of the upper tolerance value 515 takes into account the worst case exposure resulting from linear tissue depletion by 516 converting tissue residue results from the test population (of small sample size) into a value 517 that would cater for the potentially large inter-subject differences in the various cattle breeds 518 available. As a result, our estimate of exposure for the non-injection site scenario best reflects 519 the true worst case exposure for wild vultures, if cattle are treated at doubled the dose 520 recommended. Further caution will need to apply if higher doses or more frequent 521 administrations occur. The method adopted for this study was also stricter than that 522 previously applied in the testing of meloxicam and ketoprofen, as both those studies simply 523 doubled the potential tissue residue concentrations. In this study, double the tissue residue 524 concentration in all tissue types was lower than the MRE (e.g. ~15 mg/kg vs. 20 mg/kg for 525 the kidneys). 526
Finally, this method examined the concentration of the tested drug at the injection 527 site. The injection site has also been considered as an area of potential concern in human food 528 safety, as it is known that drugs may persist at elevated levels at such sites. The importance of 529 this is best emphasised by the EMA's own guidelines, that suggest that the injection site 530 residue concentration should be substituted for the wider muscle concentration (when higher) 531
to also take into account the worst case scenario of a person accidentally being exposed to 532 meat sourced from the injection site. While we expected (in general) a difference in injection 533 site and muscle tissue concentrations, since termination was at plasma Tmax, the substantial 534 difference observed here was certainly not expected. In addition, such a difference was 535 contrary to findings in toxicity studies for meloxicam and diclofenac, where the 536 concentrations at the injection site was lower than that in muscle away from the injection site 537 Our findings thus highlight the potential danger of injection site tissue from animals treated 540 24 with NSAIDs, especially if more than one dose has been administered at the same site. 541 542 Acknowledgements 543
We like to thank the staff of the University Pretoria Biomedical Research Centre and the 544 staff and volunteers of the VulPro for making this study possible. The study was funded 545 partly by the Royal Society for the Protection of Birds and the Chester Zoo. 546 547 Table 1 : Pharmacokinetic parameters obtained using non-compartmental modelling for six 635 adult G. africanus treated with carprofen at 5 mg/kg body weight via intravenous injection (n 636 = 2), intramuscular injection (n = 2) and oral gavage (n = 2). Each vulture has a unique code. 637
Also shown are the geometric mean and standard deviation (SD). 638 639 F: For the calculation of the fraction of absorption, plasma concentrations were normalised to 1 mg/kg exposure for the birds dosed orally. 687 
